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We report the crystal structure of Ba2La2CoTe2O12 determined by Rietveld analysis using x-
ray powder diffraction data. It was found from magnetic measurements that Ba2La2CoTe2O12
can be described as a spin- 1
2
triangular-lattice antiferromagnet with easy-plane anisotropy at low
temperatures. This compound undergoes a magnetic phase transition at TN =3.26K to an ordered
state with the 120◦ structure. The magnetization curve exhibits the one-third plateau characteristic
of triangular-lattice quantum antiferromagnets. The antiferromagnetic exchange interaction and
the g factors parallel and perpendicular to the c axis were evaluated to be J/kB =22K, g‖=3.5 and
g⊥=4.5, respectively.
PACS numbers: 75.10.Jm, 75.40.Mg, 75.45.+j
I. INTRODUCTION
A spin- 1
2
triangular-lattice antiferromagnet (TLAF) is
a representative frustrated quantum magnet. Great ef-
fort has been made to explore the quantum many-body
effect in the spin- 1
2
TLAFs [1–3]. At present, the theo-
retical consensus is that the ground state of the spin- 1
2
TLAFs with only the nearest-neighbor isotropic exchange
interaction is not a quantum disordered state such as a
spin liquid [1] but an ordered state with the 120◦ spin
structure [4–7]. However, the magnitude of the sublat-
tice spins is reduced to approximately 40% of the full
moment owing to the quantum fluctuation [8–10].
Recently, the effect of the exchange randomness in
the spin- 1
2
TLAFs has been investigated [11–13]. It was
demonstrated that the spin-liquid-like behavior observed
in some molecular magnets [14–18] and YbMgGaO4 [19–
22] can be interpreted in terms of the exchange random-
ness induced by charge disorder [11, 12, 23] and intersite
mixing between Mg2+ and Ga3+ [13, 24], respectively.
Although the zero-field ground state of the spin- 1
2
TLAFs is qualitatively the same as that for the classical
spin, several nonclassical spin structures that are unsta-
ble in the classical spin model are stabilized in magnetic
fields with the help of the quantum fluctuation [25–35].
Consequently, the spin- 1
2
TLAFs undergo magnetic-field-
induced quantum phase transitions. The most notice-
able quantum effect is that an up-up-down (UUD) spin
state, which appears in a magnetic field for the classical
model, can be stabilized in a finite magnetic field range,
causing a magnetization plateau at one-third of the sat-
∗Electronic address: kojima.y.ai@m.titech.ac.jp
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uration magnetization [25–35]. The 1/3-magnetization
plateau of the spin- 1
2
TLAFs was actually observed in
Cs2CuBr4 [36–38], which is a spatially anisotropic spin-
1
2
TLAF, and quantitatively verified in Ba3CoSb2O9 [39–
43]. However, the quantum phases stabilized by the spa-
tial anisotropy [37, 38], exchange anisotropy [32] and
interlayer exchange interaction [40, 43, 44] in magnetic
fields have not been sufficiently elucidated.
A remarkable quantum effect has also been predicted
for the magnetic excitations. For example, the excita-
tion energy is significantly renormalized downward by
quantum fluctuations, causing the dispersion curves to
become flat [9, 45–49]. The dispersion curve shows a
rotonlike minimum at the M point [9, 49]. These un-
usual dynamical properties of the spin- 1
2
TLAFs were
verified by inelastic neutron scattering experiments on
Ba3CoSb2O9 [50, 51]. However, the intense dispersive
excitation continua extending to a high energy six times
the exchange constant cannot be described by the cur-
rent theory [51]. Thus, the spin- 1
2
TLAFs include rich
quantum many-body effects yet to be fully explained.
Experimentally, a great effort has been made to de-
velop spin- 1
2
TLAFs. Recently, the magnetic properties
of the spin- 1
2
triangular-lattice magnets Ba2La2MW2O12
(M =Mn,Co,Ni, Zn) (where M represents a metal) [52–
54] and Ba8CoNb6O24 [55, 56] have been reported. A fea-
ture of these compounds is that the magnetic triangular
lattices are widely separated by the layers of nonmagnetic
ions; thus, good two-dimensionality is expected. How-
ever, their magnetization data indicate that the exchange
interactions are weakly antiferromagnetic [53, 55, 56] or
weakly ferromagnetic [54]. In these compounds, neigh-
boring spins in the same triangular layer interact via su-
perexchange interactions through M2+- O2−-O2−-M2+
and M2+-O2−-W6+(Nb5+)- O2−-M2+ paths. It is con-
sidered that the superexchange through the former path
2is antiferromagnetic, whereas it is ferromagnetic for the
latter path, because the filled outermost orbitals of non-
magnetic W6+ and Nb5+ ions are 4p orbitals, as dis-
cussed in Refs. [57, 58]. The superexchange interac-
tions via these two paths almost cancel out, resulting
in a weakly antiferromagnetic or ferromagnetic total ex-
change interaction. If nonmagnetic W6+ and Nb5+ ions
can be replaced by Te6+ and Sb5+ ions, respectively,
for which the filled outermost orbital is a 4d orbital,
the superexchange interaction through the M2+-O2−-
Te6+(Sb5+)- O2−-M2+ path becomes antiferromagnetic,
and the total exchange interaction should be strongly
antiferromagnetic. With this motivation, we synthesized
Ba2La2CoTe2O12. It was found that the structure of this
compound is the same as that of Ba2La2CoW2O12. Fig-
ure 1 shows the crystal structure of Ba2La2CoTe2O12. As
shown below, the exchange interaction in this compound
was found to be J/kB≃ 22K, which is much larger than
those in Ba2La2CoW2O12 [52–54] and Ba8CoNb6O24 [55,
56]. The 1/3-magnetization plateau characteristic of the
quantum triangular-lattice antiferromagnets was clearly
observed for Ba2La2CoTe2O12.
Before giving the experimental details, we summarize
the effective model of Co2+ in an octahedral environ-
ment, which is valid below liquid nitrogen temperature.
It is known that the magnetic property of Co2+ in an
octahedral environment is determined by the lowest or-
bital triplet 4T1 [59–61]. Within the
4T1 state, the or-
bital angular momentum L with L=3 can be replaced
by −(3/2)l with l=1. This orbital triplet splits into six
Kramers doublets owing to the spin-orbit coupling and
the uniaxial crystal field, which are expressed together as
H′ = −(3/2)λ(l · S)− δ{(lz)2 − 2/3}, (1)
where S is the true spin with S=3/2. When the
temperature T is much lower than the magnitude of
the spin-orbit coupling constant λ=−178 cm−1, i.e.,
T ≪|λ|/kB≃ 250K, the magnetic property is determined
by the lowest Kramers doublet, which is given by
lz +Sz =±1/2, and the effective magnetic moment of
Co2+ is represented by m= gµBs with the spin-
1
2
op-
erator s [59–61]. When the octahedral environment ex-
hibits trigonal symmetry as in Ba2La2CoTe2O12, the ef-
fective exchange interaction between fictitious spins si is
described by the spin- 1
2
XXZ model [60, 61]
Hex =
∑
<i,j>
[
J⊥
{
sxi s
x
j + s
y
i s
y
j
}
+ J‖s
z
i s
z
j
]
. (2)
This interaction is Ising-like (J‖/J⊥> 1) for δ/λ< 0,
whereas it is XY-like (J‖/J⊥< 1) for δ/λ> 0. The
Heisenberg model (J‖/J⊥=1) is realized when δ=0. In
general, the g factor is considerably anisotropic, and the
total of the g factors for the three different field di-
rections, g‖ + 2g⊥, is about 13 [59], which is twice as
large as that for conventional magnets. As shown below,
the CoO6 octahedron in Ba2La2CoTe2O12 is compressed
along the trigonal axis c. In such a case, the exchange
interaction becomes XY -like and g⊥>g‖.
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FIG. 1: (Color online) (a) Schematic of the crystal structure
of Ba2La2CoTe2O12. The blue and gold single octahedra are
CoO6 and TeO6 octahedra centered by Co
2+ and Te6+ ions,
respectively. Solid lines denote the chemical unit cell. (b)
Crystal structure viewed along the c axis. Magnetic Co2+
ions form a uniform triangular lattice on the ab plane.
II. EXPERIMENTAL DETAILS
Ba2La2CoTe2O12 powder was prepared by the
solid-state reaction in accordance with the chemi-
cal reaction 2BaCO3+La2O3+CoO+2TeO2+O2 −→
Ba2La2CoTe2O12+2CO2. BaCO3 (Wako, 99.9% pu-
rity), La2O3 (Wako, 99.99% purity), CoO (Soekawa,
99.9% purity) and TeO2 (Sigma-Aldrich, 99.995% purity)
were mixed in stoichiometric quantities and calcined at
1000 ◦C for 24 h in air. Ba2La2CoTe2O12 was sintered
at 1000 ◦C for 24 h after being pressed into pellets. Dark
violet powder samples were obtained.
A powder x-ray diffraction (XRD) measurement was
carried out at room temperature using a Rigaku Mini
FlexII diffractometer with monochromatized CuKα ra-
diation. Rietveld refinement of the powder XRD data
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FIG. 2: (Color online) (a) XRD pattern and (b) ND pat-
tern of Ba2La2CoTe2O12 measured at room temperature and
T =5K, respectively. Experimental data, the results of Ri-
etveld fitting and their difference are shown by the red sym-
bols, green line and blue curves, respectively.
was carried out by the RIETAN-FP program [62].
The obtained powdered sample was confirmed by XRD
measurement to have the same crystal structure as
Ba2La2MW2O12 (M =Mn,Co,Ni, Zn) [52–54], as shown
below.
The magnetic susceptibility of Ba2La2CoTe2O12 pow-
der was measured in the temperature range of 1.8-
300K using a superconducting quantum interference de-
vice (SQUID) magnetometer (MPMS XL, Quantum De-
sign). High-field magnetization was measured in a mag-
netic field of up to 60T at 1.3K using an induction
method with a multilayer pulse magnet at the Insti-
tute for Solid State Physics (ISSP), The University of
Tokyo. The absolute value of the high-field magneti-
zation was calibrated with the magnetization measured
using the SQUID magnetometer. The specific heat of
Ba2La2CoTe2O12 powder was measured down to 0.4K
in a magnetic field of up to 9T using a physical property
measurement system (PPMS, Quantum Design) by the
relaxation method.
TABLE I: Structural parameters of Ba2La2CoTe2O12 at
room temperature determined by powder XRD measurement.
Atom x y z B (A˚
2
)
Ba 0 0 0.13680(3) 0.34(2)
La 0 0 0.28941(4) 0.24(3)
Co 0 0 0 0.18(8)
Te 0 0 0.41531(4) 0.20(2)
O1 0.459(2) 0.457(2) 0.1177(2) 0.6(1)
O2 0.441(2) 0.462(2) 0.2954(2) B(O1)
Space group R3¯
a = 5.693(2) A˚, c = 27.585(6) A˚
Rwp = 8.17%, Rp = 5.87%, Re = 7.15%,
RB = 2.18%, RF = 1.21%
TABLE II: Structural parameters of Ba2La2CoTe2O12 at
T =5K determined by the powder ND measurement.
Atom x y z
Ba 0 0 0.1366(1)
La 0 0 0.28920(6)
Co 0 0 0
Te 0 0 0.4149(1)
O1 0.4605(3) 0.4646(4) 0.11614(4)
O2 0.4298(3) 0.4608(4) 0.29509(5)
Space group R3¯
a = 5.693(1) A˚, c = 27.517(4) A˚
Overall B factor = 0.545(3) A˚
2
Rwp = 10.6%, Rp = 8.37%, Re = 4.29%
Powder neutron diffraction (ND) measurement of
Ba2La2CoTe2O12 was performed using the high-
resolution powder diffractometer Echidna installed at the
OPAL reactor of the Australian Nuclear Science and
Technology Organisation (ANSTO). The diffraction data
were collected with a neutron wavelength of 2.4395 A˚. Ri-
etveld refinement of the powder ND data was performed
by the FULLPROF program [63].
III. RESULTS AND DISCUSSION
A. Crystal structure
The XRD pattern of Ba2La2CoTe2O12 measured at
room temperature and the result of Rietveld analysis
are shown in Fig. 2(a). The analysis was based on two
structural models with space groups R3¯m and R3¯. Be-
cause both structural models successfully reproduce the
observed XRD pattern, it is difficult to determine the
space group from only the XRD pattern. However, the
neutron diffraction pattern obtained at T =5K is much
better described by space group R3¯, i.e., the Rwp-factors
for R3¯ and R3¯m are Rwp=10.6 and 38.3%, respectively.
Figure 2(b) shows the ND pattern measured at 5K and
the result of Rietveld analysis. From the magnetic sus-
4ceptibility and specific heat data, no structural phase
transition was observed down to liquid helium temper-
atures. Thus, we refined the crystal structure using the
structural model with space group R3¯, as in the cases of
Ba2La2MW2O12 (M =Mn, Co, Ni, Zn) [54]. The refined
structural parameters at room temperature and T =5K
are listed in Tables I and II, respectively. With decreasing
temperature, the lattice constant c is decreases, whereas
the lattice constant a is almost independent of tempera-
ture.
The refined crystal structure of Ba2La2CoTe2O12 is
shown in Fig. 1. CoO6 and TeO6 octahedra rotate around
the c axis; thus, mirror symmetry parallel to the c axis
is absent. Magnetic Co2+ ions form a uniform triangu-
lar lattice parallel to the ab plane. The lattice point of
one triangular lattice shifts onto the center of the tri-
angle of the neighboring triangular lattices when viewed
along the c axis. Consequently, the triangular layers are
stacked as ABCABC · · · along the c axis. Because of the
inversion symmetry at the center of neighboring Co2+
ions, antisymmetric interaction of the Dzyaloshinskii–
Moriya type is absent between neighboring spins. Since
the magnetic triangular layers are widely separated by
nonmagnetic layers, it is expected that the interlayer ex-
change interaction is much smaller than the intralayer
exchange interaction. The CoO6 octahedra are trigo-
nally compressed, which leads to the condition J⊥>J‖
in Eq. (2) [60]. Thus, we deduce that Ba2La2CoTe2O12
has the exchange anisotropy of easy-plane type, as in the
case of Ba3CoSb2O9 [40, 42, 43, 50].
B. Magnetic susceptibility
Figure 3 shows the temperature dependence of
the magnetic susceptibility of Ba2La2CoTe2O12
powder obtained before and after the correction
of the Van Vleck paramagnetic susceptibility of
χVV=6.75× 10
−3 emu/mol, which was evaluated from
the magnetization slope above the saturation field
shown in Fig. 4(a). We plotted the susceptibility
data for T ≤ 50K, where the spin- 1
2
description of the
magnetic moment is valid. The inset of Fig. 3 shows an
enlargement of the susceptibility data below 10K. With
decreasing temperature, the magnetic susceptibility
exhibits a rounded maximum at approximately 5K,
which is characteristic of a low-dimensional antifer-
romagnet. With further decreasing temperature, the
susceptibility has an inflection point at TN=3.2K,
which can be assigned to the transition temperature of
three-dimensional magnetic ordering.
The solid line in Fig. 3 indicates the theoretical sus-
ceptibility of the spin- 1
2
Heisenberg TLAF calculated
by series expansion [64] with J/kB=22K and g=4.2,
which were obtained from the present high-field magne-
tization measurements, as shown below. Above 30K,
the experimental and theoretical susceptibilities coin-
cide. However, below 30K, the experimental suscepti-
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FIG. 3: (Color online) Temperature dependence of the mag-
netic susceptibility of Ba2La2CoTe2O12 obtained before and
after correction of Van Vleck paramagnetism. The solid line
denotes the theoretical susceptibility calculated by series ex-
pansion [64] with J/kB = 22K and g = 4.2.
bility deviates from the theoretical result. This devia-
tion is considered to be caused by the XY-like exchange
anisotropy in Ba2La2CoTe2O12. The exchange inter-
action in Ba2La2CoTe2O12 is antiferromagnetic and its
magnitude is much larger than those in Ba2La2MW2O12
(M =Mn, Co, Ni, Zn) [53–56]. This result demonstrates
that the filled outermost orbitals of nonmagnetic hexava-
lent ions play a crucial role in the superexchange inter-
action.
C. Magnetization process
Figure 4(a) shows the raw magnetization curve and
derivative susceptibility dM/dH vs the magnetic field
H of the Ba2La2CoTe2O12 powder measured at 1.3K.
The saturation of the Co2+ spin starts at Hs1=32T
and ends at Hs2=41T. The distribution of the sat-
uration field is attributed to the anisotropy of the g
factor and the exchange anisotropy of the easy-plane
type, which are produced by the trigonal compression
of the CoO6 octahedron, as discussed in Section I.
The linear increase in magnetization above Hs2 is as-
cribed to the large Van Vleck paramagnetism charac-
teristic of Co2+ in the octahedral environment. The
Van Vleck paramagnetic susceptibility is evaluated as
χVV=1.21× 10
−2 (µB/T)/Co
2+=6.75× 10−3 emu/mol,
which is somewhat smaller than χVV=8.96 emu/mol ob-
served for Ba3CoSb2O9 [39]. The saturation magnetiza-
tion was obtained as Ms=2.10µB/Co
2+ by extrapolat-
ing the magnetization curve above Hs2 to a zero field, as
shown by the solid line in Fig. 4(a). From the satura-
tion magnetization, the average g factor is evaluated to
be gavg=4.2.
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FIG. 4: (Color online) (a) Raw magnetization curve
of Ba2La2CoTe2O12 powder and derivative susceptibility
dM/dH vs magnetic field H measured at 1.3K. The criti-
cal fields Hc1 and Hc2 are the lower- and upper-edge fields,
respectively, of the 1/3-magnetization plateau for H ⊥ c. Hs1
and Hs2 are the saturation fields for H ⊥ c and H ‖ c, respec-
tively. The solid line denotes the Van Vleck paramagnetism
evaluated from the magnetization slope above the saturation
field Hs2=41T. (b) Magnetization curve corrected for Van
Vleck paramagnetism. The green solid line is the theoretical
magnetization curve M⊥ for H ⊥ c calculated by the higher-
order coupled cluster method (CCM) for an S=1/2 Heisen-
berg TLAF [28] and the green dashed line is the linear magne-
tization curve M‖ assumed for H ‖ c. The black solid line de-
notes the total magnetization given byMtot =(2M⊥+M‖)/3.
Figure 4(b) shows the magnetization curve corrected
for the contribution of Van Vleck paramagnetism. The
magnetization curve exhibits a magnetization plateau
at one-third of the saturation magnetization, which is
characteristic of quantum TLAFs. When the CoO6
octahedron is compressed trigonally, as observed in
Ba2La2CoTe2O12, the g factor g⊥ for H ⊥ c is greater
than g‖ for H ‖ c [59, 60]. Thus, we can deduce that
Hs1 and Hs2 are the saturation fields for H ⊥ c and
HHHH
(a) (b) (c) (d)
FIG. 5: (Color online) Spin structures of two-dimensional
triangular-lattice antiferromagnet in the magnetic field. (a)
Triangular coplanar structure, (b) UUD structure, (c) high-
field coplanar structure, and (d) umbrella structure.
H ‖ c, respectively. Neglecting the anisotropy of the sat-
uration field due to the exchange anisotropy, the rela-
tion between the saturation fields and the g factors is
given by g⊥µBHs1= g‖µBHs2=4.5J . Using this equa-
tion and the relation gavg = (2g⊥ + g‖)/3 together with
Hs1=32, Hs2=41T and gavg=4.2, we obtain g⊥=4.5,
g‖=3.5 and J/kB=22K. This exchange constant is close
to J/kB=20.5K for subsystem A in Ba2CoTeO6 [65],
where the paths of the superexchange are similar to those
in Ba2La2CoTe2O12.
The 1/3-magnetization plateau shown in Fig. 4(b)
is not flat but has a finite slope. In the case where
the exchange anisotropy is of the easy-plane type and
the interlayer exchange interaction is antiferromagnetic,
the magnetization curve exhibits the 1/3-magnetization
plateau when the field direction is roughly parallel to
the triangular layer, whereas when the field direction is
nearly perpendicular to the triangular layer, the mag-
netization curve exhibits no plateau as observed for
Cs2CuBr4 [36, 37] and Ba3CoSb2O9 [40, 43, 44]. For
this reason, the 1/3-magnetization plateau has a finite
slope for powder-averaged data.
To analyze the magnetization curve, we compare our
experimental result with a simplified magnetization curve
that is given by a linear combination of the model mag-
netization curves for H ⊥ c and H ‖ c. As the model
magnetization curve M⊥ for H ⊥ c, we use the result
calculated by the higher-order coupled cluster method
(CCM) for an S=1/2 Heisenberg TLAF [28] as shown
by the green solid line in Fig. 4(b). In this field direc-
tion, the triangular coplanar, UUD and high-field copla-
nar structures, respectively illustrated in Figs. 5(a)-5(c),
emerge with increasing magnetic field. For H ‖ c, we as-
sume that the magnetization M‖ increases linearly with
the magnetic field up to the saturation as shown by the
green dashed line in Fig. 4(b). In this field direction,
the transition from the umbrella structure [Fig. 5(d)]
to the high-field coplanar structure occurs with a small
magnetization jump [40, 43]. However, we neglect this
small magnetization anomaly for simplification. The
black solid line in Fig. 4(b) is the total magnetization
given by Mtot = (2M⊥ + M‖)/3. The field depen-
dence of Mtot captures the features of the experimen-
tal magnetization curve. The experimental field range of
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the 1/3-magnetization plateauHc2−Hc1=7.2T is some-
what larger than the calculated field range of 5.5T. We
infer that this result is caused by the XY-like anisotropy
of the exchange interaction, which decreases the lower-
edge field Hc1 [25].
D. Low-temperature specific heat
Figure 6 shows the temperature dependence of the
specific heat of the Ba2La2CoTe2O12 powder mea-
sured in magnetic fields of H =0, 3, 6, and 9T. At
zero magnetic field, the specific heat shows a single
sharp peak at TN=3.26K indicative of three-dimensional
magnetic ordering. This transition temperature is
slightly lower than TN=3.8K for Ba3CoSb2O9 [39,
66], although the exchange interaction J/kB=22K for
Ba2La2CoTe2O12 is somewhat larger than J/kB=18.2K
for Ba3CoSb2O9. This result indicates good two-
dimensionality in Ba2La2CoTe2O12. The ordered phase
below TN=3.26K has the 120
◦ spin structure as shown
below.
With increasing magnetic field, the peak height de-
creases. At H =6T, the specific heat has a rounded
peak at TN2(6T)=3.2K and a weak shoulder anomaly
at TN1(6T)=3.8K. The smearing of the transition arises
from the random distribution of the principal axes in
the powdered sample. At H =9T, the specific heat
has a weak shoulder anomaly at TN2(9T)=3.1K and
a rounded peak at TN1(9T)=4.9K. By referring to the
phase diagram of Ba3CoSb2O9 [42], which has weak easy-
plane anisotropy, we infer that the phase transitions at
TN1 and TN2 above 6T correspond to the transitions from
the paramagnetic phase to the UUD phase for H ⊥ c and
from the UUD phase to the triangular coplanar phase,
respectively.
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FIG. 7: (Color online) (a) Neutron powder diffrac-
tion patterns of Ba2La2CoTe2O12 averaged over 5-10K
(>TN=3.26K) and over 1.6-2.6 K (<TN). Three weak
magnetic Bragg peaks assigned to Qm =(1/3, 1/3, 1/2),
(2/3, 2/3, 1/2) and (1/3, 4/3, 1/2) are observed below TN. (b)
Neutron powder diffraction spectra collected at various tem-
peratures, where the average of the diffraction spectra col-
lected over 5-10K was subtracted as the background.
E. Spin structure in the ordered phase
To confirm the spin structure in the ordered phase
of Ba2La2CoTe2O12, we carried out powder ND mea-
surements. Figure 7(a) shows diffraction patterns av-
eraged over 5-10K (>TN=3.26K) and over 1.6-2.6K
(<TN), which are displayed by red and blue lines, respec-
tively. Figure 7(b) shows powder ND spectra obtained at
various temperatures, where the average of the diffrac-
tion spectra obtained over 5− 10K was subtracted as
the background. Three weak magnetic Bragg peaks are
observed below TN=3.26K. These magnetic peaks can
be assigned to Qm=(1/3, 1/3, 1/2), (2/3, 2/3, 1/2) and
(1/3, 4/3, 1/2) on the unit cell of the hexagonal represen-
tation. This result indicates that the magnetic structure
below TN is the 120
◦ structure characterized by the prop-
7agation vector k=(1/3, 1/3, 1/2).
From the Rietveld analysis, it was found that spins lie
on the ab plane and form the 120◦ structure. Because
the lattice point of one triangular lattice shifts onto the
center of the triangle of the neighboring triangular lat-
tices when viewed along the c axis, the molecular fields
from the neighboring layers cancel out. We investigated
the effect of quantum fluctuation on the spin structure
on the basis of linear spin wave theory. We found that
the quantum fluctuation stabilizes a spin structure with
the propagation vector k=(1/3, 1/3, 1/2) when the inter-
layer exchange interaction is ferromagnetic, while for the
antiferromagnetic interlayer interaction, a spin structure
with the propagation vector k=(1/3, 1/3, 0) is preferred.
Thus, we deduce that the interlayer exchange interaction
is ferromagnetic in Ba2La2CoTe2O12.
The magnitude of the ordered moment was found to be
m=0.63µB at T =1.6K. Using g⊥=4.5, the size of the
sublattice spin was estimated to be 〈S〉=0.14, which is
somewhat smaller than 〈S〉=0.20 calculated for a spin- 1
2
Heisenberg TLAF [8–10]. The difference is considered to
be due to the frustration of interlayer exchange interac-
tions and the finite temperature effect.
IV. CONCLUSION
We have presented the results of a structural analysis
and magnetization, specific-heat, and neutron-diffraction
measurements on Ba2La2CoTe2O12 powder. From the
neutron powder-diffraction data, the crystal structure
was determined to be trigonal R3¯, which is the same
as those of Ba2La2MW2O12 (M =Mn,Co,Ni, Zn) [54].
However, different from the weak antiferromagnetic
or ferromagnetic exchange interactions observed in
these tungsten compounds, the exchange interaction in
Ba2La2CoTe2O12 was found to be antiferromagnetic and
large, J/kB=22K, as expected from the superexchange
path via the filled outermost orbital of nonmagnetic
Te6+ [57, 58]. Ba2La2CoTe2O12 undergoes three-
dimensional magnetic ordering at TN=3.26K. The spin
structure in the ordered phase is characterized by the
propagation vector k=(1/3, 1/3, 1/2). The spins form
the 120◦ structure parallel to the triangular layer. The
magnetization curve displays a clear 1/3-magnetization
plateau, which is characteristic of quantum TLAFs.
From the analysis of the magnetization curve, we deduce
that the 1/3-plateau emerges for H ⊥ c but not for
H ‖ c owing to the reasonably large exchange anisotropy
of the easy-plane type. It was also found that the
saturation field is anisotropic owing to the anisotropy of
the g factor. From the saturation field and saturation
magnetization, the g factors and exchange constant
were estimated as g⊥=4.5, g‖=3.5 and J/kB=22K,
respectively. Ba2La2CoTe2O12 is thus magnetically
described as an S=1/2 quasi-two-dimensional TLAF
with XY-like anisotropy.
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